We identified a peculiar proximate sub-damped Lyα absorption system (sub-DLA) at z=3.234 with a neutral hydrogen column density of N H I = 10 19.70±0.15 cm −2 toward the quasar SDSS J125903.26+621211.5 in two epoch optical spectra of the Sloan Digital Sky Survey. We detected Lyα residue in the proximate sub-DLA trough at > 8σ level. To our surprise, extreme ultraviolet (EUV) continuum emission is significantly (> 4σ) detected in the corresponding Lymann limit absorption edge at both of the FUV and NUV bands by the Galaxy Evolution Explorer. The high neutral hydrogen column density should allow a negligible transmission of both the Lyα line photons and EUV continuum photons due to the high optical depth of the gas. The possible scenarios of foreground galaxy contamination, partial coverage, emission from the quasar host galaxy, and extended Lyα emission are excluded in turn, and we speculate that the residual Lyα and EUV emission is due to photons scattering (broad Lyα and the continuum emission) of electrons residing at a spatial scale larger than that of the proximate sub-DLA. Electron scattering is wavelength-independent, the scattered light is therefore a copy of the incident spectrum that might originate in the accretion disk. With the assistances from the neutral hydrogen absorbers as the "natural coronagraph" and the scatterers as the "natural mirror", we yielded a very hard EUV spectral index of α = 0.65 ± 0.25 (F ν ∝ ν α ), consistent with the standard picture of the locally heated accretion disk in the inner EUV-emitting radii, as well as in the outer near-infraredemitting radii suggested by Kishimoto et al. (2008) .
INTRODUCTION
Hydrogen, as the most abundant element in the universe, widely appears in the galaxy and the intergalactic medium. Neutral hydrogen clouds with high column densities are usually considered to be the high-redshift progenitors of present-day galaxies (e.g., Wolfe et al. 1986; Nagamine et al. 2004; Prochaska et al. 2005) . Thus, the study of neutral hydrogen plays essential roles in understanding the formation and evolution of galaxies. Because active galactic nuclei (AGNs), particularly quasars, are generally luminous, high column density neutral hydrogen within whether the cosmological intervening or quasar-associated environments, would be traced in absorption under the illumination of background radiation from quasars. As the column density increases, the absorption features are the Lyα forest absorber (N H I < 10 17 cm −2 ), the Lyman limit system (LLS; 10 17 < N H I < 2×10 20 cm −2 ), and the damped Lyα absorption system (DLA; N H I > 2×10 20 cm −2 ), respectively (reviewed in Wolfe et al. 2005 ).
In the intervening system, the emission of the background quasar is completely absorbed in the DLA and sub-DLA (also called as Super-LLS; 10 19 < N HI < 2 × 10 20 cm −2 ) trough, as well as the flux at rest wavelengths of λ < 912Å. Weak residual Lyα emission in individual sources (e.g., Møller et al. 2004; Fynbo et al. 2010; Kulkarni et al. 2012; Jiang et al. 2016) and the large-sample composite spectrum ) are detected. Faint starlight emerges with the assistance from the neutral hydrogen absorbers as the natural "coronagraph", thus it is considered to be the Lyα emission from vigorous star formation in the host galaxy of the absorbers (e.g., Prochaska et al. 2005 Prochaska et al. , 2014 . However, Cai et al. (2014) attributed residual flux in the composite DLA troughs to FUV stellar light from the quasar host galaxies, since the residual flux in the dark troughs of the composite DLA spectra is strongly correlated with the continuum luminosity of the background quasar, while uncorrelated with DLA column density or metallicity. In the quasar-associated system, a slightly larger amount of residual fluxes likewise are found in prominent DLA troughs (Pan et al. 2017) , while the reasons are much more complicated than those in the intervening system. The residual Lyα emission would be interpreted as partly obstructed by the absorber, as associated with star formation activity, as scattered Lyα photons from the quasar, or even as luminous, spatially extended Lyα blobs (e.g., Weidinger et al. 2004; Hennawi et al. 2009; Finley et al. 2013; Fathivavsari et al. 2015 Fathivavsari et al. , 2016 Fathivavsari et al. , 2017 Jiang et al. 2016; Pan et al. 2017 ).
In the present paper, we report the detection of significant residual Lyα emission in the peculiar prominent sub-DLA trough toward SDSS J125903.26+621211.5 (hereafter SDSS J1259+6212). In addition, intriguingly, the Galaxy Evolution Explorer (GALEX; Morrissey et al. 2007 ) present the extreme ultraviolet (EUV) emission passing the FUV and NUV filters beyond the Lyman limit at > 4σ levels, which should be completely absorbed by the optically thick neutral hydrogen cloud. These observations raise questions about the origin of this unusual residual EUV and Lyα emission. This paper is organized as follows: Section 2 presents the detailed analysis of the absorption system, and the origin of the residual EUV and Lyα emission as well as applications are discussed in Section 3. The adopt cosmological quantities are H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3, and Ω Λ = 0.7.
OBSERVATIONS AND DATA ANALYSIS
SDSS J1259+6212 is a bright (m r SDSS = 18.19 ± 0.01) high-redshift quasar at z em = 3.2340 ± 0.0002 identified by the Sloan Digital Sky Survey (SDSS; York et al. 2000) . Two optical spectra were acquired with the SDSS spectrograph at Feb. 25, 2008 and with the SDSS-III/Baryon Oscillation Spectroscopic Survey (BOSS) spectrograph (Dawson et al. 2013) at Apr. 16, 2014, respectively. When we carefully compared the SDSS spectrum with the BOSS spectrum in continuum and emission/absorption lines, no significant variation in either of these spectral features are detected between the time interval of ∼ 6 years in the observer's frame. Figure 1 (a) presents the BOSS spectrum and flux noise in black and pink.
The BOSS spectrum of SDSS J1259+6212 ranges from 843 to 2438Å in the quasar's restframe. It enables us to search for the associated metal absorber system corresponding to the neutral hydrogen Lyman-series absorptions. In Figure 1 (a) and (c), the spectrum and the normalizations show an quasar-associated absorption system with abundant metal lines of O VI λλ1031, 1037, N V λλ1238, 1242, C IV λλ1548, 1550, Si IV λλ1391, 1402, C III λ977, N III λ989, Si III λλ1193, 1206, and etc. (marked by gray characters). We also noticed the overdensity of absorptions blueward of the strong Lyα trough. Some of them have been confirmed as high-order Lyman lines or metal absorptions from the same system, such as O VI and Si III. But others remain unidentified, though we prefer to attribute them to Lyα from intervening absorbers, since they are weak and narrow, with widths comparable to the instrumental profile. As shown in Figure 2 , the metal absorption lines present asymmetrically irregular profiles in velocity space of the quasar's rest frame, which seems to have some velocity structure. But the intermediary resolution of the SDSS and BOSS spectrograph is not enough to resolve the structure, then we calculated the absorption-weighted average velocity of the absorption lines (generally used for broad absorption lines; Trump et al. 2006; Zhang et al. 2010 Zhang et al. , 2014 Liu et al. 2015) as the absorption redshift (dotted lines in Figure  2 ). Relative to the quasar's rest frame, the metal absorption lines are blueshifted with a velocity of ∼ 170 km s −1 .
In the blue end of the spectrum, the fluxes at rest wavelengths of λ 912Å are deeply suppressed, suggesting an optically thick neutral hydrogen at the Lyman limit. Furthermore, the damped Lyα absorption trough reveals that the associated absorber has a high column density of neutral hydrogen (Figure 1 (b) ). The higher-order Lyman-series absorption from Lyβ to even Lyι are credibly identified despite contamination from the Lyα forest (Figure 1 (c) ). In Garnett et al.(2017) , a intervening DLA absorber toward SDSS J1259+6212 is reported at z abs = 2.6108, but actually the trough they detected is the absorption of O VI λ1037 (marked in Figure 1 (c) ). Moreover, it is easily found that the bottom fluxes in the higher-order Lyman-series troughs are almost to vanishing point (much less than the noises), as well as the saturated C III absorption line and C IV doublet, suggesting that the quasar's nuclear region of SDSS J1259+6212 is fully covered by the associated absorber.
In order to normalize the observed spectra, we should create a absorption-free spectrum for SDSS J1259+6212. A single power-law slope is firstly estimated from continuum windows listed in Forster et al. (2001) , which are not seriously contaminated by emission lines to represent the nuclear continuum. The profiles of Lyα, N V and other emission lines are reconstructed by multiGaussian components. The single Gaussuian component has no physical meaning, the modeling profile is simply to recover the unabsorbed spectrum. The natural extension of the power-law continuum is applied for the pixels at the shortward of the Lyman edge. This phenomenological spectral-decomposition method are generally used in the measurements of the broad emission line (e.g., Dong et al. 2008; Shen et al. 2011 ) and the unabsorbed spectrum recuperation (e.g., Zhang et al. 2010 Zhang et al. , 2015 . It is worth noting that the emission-line profile of Lyα is primarily constrained from the red wing of Lyα and N V lines because of the serious absorption of Lyα and metal lines at the blue wing of Lyα. The final absorption-free spectrum is overplotted by red curves in Figure 1 (a) and (b). We measure the column density of neutral hydrogen using Voigt profile fitting to the Lyα trough, and then check the prediction of the reasonable for the higher-order absorptions. Before modeling is applied, pixels affected by incident absorption features are carefully masked, and the redshift of the DLA trough is fixed to that of the metal absorption system. Profile fitting is carried out with an IDL MPFIT procedure and the results in a column density of N H I = 10 19.70±0.15 cm −2 are shown by blue curves in Figure 1 (b). The best-fit model well reproduces the damped wings of Lyα and other higher-order Lyman-series, while there are significant residual fluxes at nine pixels in the center of the Lyα trough (yellow area). With such a high neutral hydrogen column density, the higher-order Lyman-series absorption lines should be saturated (zero fluxes or fluxes submerged in the errors at the positions of the line centers). That is consistent with the observed spectra except the troughs of Lyθ and Lyι affected by large spectral fluctuations (Figure 1(c) ). The average flux density (of the residual emission) is (12.53 ± 1.51) × 10 −17 erg s −1 cm −2Å−1 . SDSS J1259+6212 was also reported as a far-UV bright quasar (Syphers et al. 2009 ). The AB magnitudes released on the GALEX website through GALEXVIEW are 22.08 mag for FUV band (centered at 364Å in the quasar's rest frame) and 22.38 mag for NUV band (centered at 537Å), respectively. Since SDSS J1259+6212 is very faint in UV, the image is easily polluted by the UV emission from other surrounding weak sources and the measurement is probably influenced by the selection of aperture size. However, from the SDSS images, one can find that the nearest suspected dim object is ∼ 10.4 arcsec from SDSS J1259+6212. A specialized photometry with an aperture radii of 6 arcsec is thus carefully performed by extracting the FUV and NUV images from the GALEX All-Sky Imaging Survey (AIS). Fortunately, The resultant FUV and NUV AB magnitudes are 21.91 ± 0.26 and 22.26 ± 0.21 mag, respectively. The values are little different from those released by the pipeline, and highly consistent with the flux measurements presented in Syphers et al. (2009) , which are 7.35 and 2.62 × 10 −17 erg s −1 cm −2Å−1 in the observational frame (also see Figure 1(a) ). For the Lyman absorber with N H I ≈ 10 19.70±0.15 cm −2 , the optical depth at 320 − 420Å (FUV band in the quasar's rest frame) would exceed 15, and at 420 − 660Å (NUV band in the quasar's rest frame) the optical depth would exceed 35, which should allow few background EUV photons remaining unabsorbed.
Meanwhile, as discussed above, there might be intergalactic medium (IGM) transmission in the the blueward of the sub-DLA Lyα trough. These IGMs would contribute to the total optical depth at the rest NUV and FUV bands, but a quantitative analysis would not be easy due to the limited SNR and resolution of the SDSS spectra. Anyhow, the optical depth we derived according to the H 0 column density of the sub-DLA system present the lower limit for the total optical depth. And the introduction of the Lyman continuum absorption from IGM would not affect our conclusion.
DISCUSSION
Utilizing the optical spectra from the SDSS and SDSS-III/BOSS, we analyze in detail the residual Lyα emission in the center of hydrogen absorption trough toward SDSS J1259+6212. The abundant metal transitions indicate the absorption system is quasar-associated with a blueshifted velocity of ∼ 170 km s −1 in the quasar's rest frame. A neutral hydrogen cloud with the column density of N H I = 10 19.7±0.15 cm −2 in proximity to the quasar is identified via the detections of an associated sub-damped Lyα trough, high-order Lyman series absorptions, and the Lyman limit absorption edge in the optical spectra. The residual Lyα emission has a average flux density of (12.53 ± 1.51) × 10 −17 erg s −1 cm −2Å−1 , and the total luminosity of Lyα residues in the damped trough reaches to L Lyα = (1.65 ± 0.24) × 10 44 erg s −1 . Meanwhile, intriguingly, the GALEX AIS presents the significant EUV continuum residues beyond the Lyman limit at > 4σ levels, the AB magnitudes are 21.91 ± 0.26 and 22.26 ± 0.21 mag, respectively. Despite the faint UV magnitudes, the UV brightness is nonetheless dramatically high, considering the exist of the proximate sub-DLA system. The existence of the residual EUV and Lyα emission raises interesting questions as what the significant residues are and what the physical mechanism behind this phenomenon is.
Generally speaking, there are only a few scenarios for the significant residues in a sub-DLA system, i.e., foreground galaxy contamination, partial coverage, emission from the quasar host galaxy, extended Lyα emission, and scattered light from the accretion disk. The first scenario to consider is the impact of foreground galaxy. Foreground galaxy contamination is often a challenge in searches for Lyman continuum emitter galaxies (e.g., Nestor et al. 2011 Siana et al. 2013 Siana et al. , 2015 Vanzella et al. 2010 Vanzella et al. , 2012 . The advantage of the quasar spectrum is that we would detect the indications of the metal absorption lines (e.g, Mg II, Zn II and Fe II) superimposed on the continuum of the quasar (for the interlopers with z > 0.4), and the emission fluxes in absorption troughs of high-order Lyman series (for the blue galaxies with strong starformation and appropriate redshifts). Furthermore, the SDSS five-band photometry would detect the interloper's images (for the interlopers with low redshifts). However, it is clear that the spectroscopy and imaging observations of SDSS J1259+6212 do not supported the foreground galaxy scenario.
The second scenario to consider is that the nucleus region of SDSS J1259+6212 is imperfectly blocked by the absorber. However the almost completely absorbed bottoms of saturated troughs of high-order Lyman series (Figure 1 (c) ), C III and C IV (Figure 2 ) easily rule out this possibility. In particular, the absorption lines of C IV λλ1548, 1550 coincides with the strong broad emission line, their zero fluxes in the bottom indicate that the broad line region is completely obscured. If the Lyα residues may be due to imperfectly blocked broad line region emission, we would at least observe the residual emission in the C IV trough. From this point of view, SDSS J1259+6212 is very different from other proximate cases with residual Lyα emission, e.g., SDSS J082303.22+052907.6, SDSS J011226.76-004855.8, and SDSS J113341.29-005740.0. In these three cases, the Lyα residuals are considered as the emission from the narrow/broad emission line regions because of the partly eclipsed effect of the coronographs (Fathivavsari et al. 2015 (Fathivavsari et al. , 2016 (Fathivavsari et al. , 2017 .
The third scenario to consider is emission from the quasar host galaxy. The approach of using the residual flux in DLA troughs to observe the Lyα emission associated with star formation in the host galaxies has been studied extensively (e.g., Kulkarni et al. 2006; Fynbo et al. 2010; Finley et al. 2013; Noterdaeme et al. 2014) . Using the Kennicutt (2008) calibration SF R(M ⊙ yr −1 ) = L Hα /1.26 × 10 41 erg s −1 and assuming an intensity ratio of Lyα/Hα = 8.3 for the case B recombination, we estimate a star formation ratio of 150 ± 23 M ⊙ yr −1 based on the luminosity of the residual Lyα emission. That is much higher than estimates of the SFR in quasar host galaxies (∼ 9 M ⊙ yr −1 ; e.g., Ho 2005; Cai et al. 2014) and in the high redshift Lymann break galaxies and Lyα emitters (∼ 30 M ⊙ yr −1 ; e.g., Shapley et al. 2003; Erb et al. 2006; Gronwall et al. 2007 ). To further check whether the residual Lyα emission originated from the star formation, we compare the colors (the flux density ratios: FUV/NUV and NUV/Lyα) of the residues with those of the galaxies with active star formation. The comparison galaxies are selected from the starburst original 1999 dataset (Leitherer et al. 1999) . The spectral energy distributions (SEDs) with "Topic -stellar continua" and "Quantity -stellar emission only" (Fig. 7 − 12 in the Starburst99 website http://www.stsci.edu/science/starburst99/docs/table-index.html) are used to compute galaxy's colors. The starlight models present in a homogeneous way for five metallicities between Z = 0.040 and 0.001 and three choices of the initial mass function. The age coverage is from 1 Myr to 1 Gyr, and both star formation law (instantaeous and continuous) are contained. The SEDs placed at the quasar's redshift are are extracted the flux densities at the effective wavelengths of the FUV/NUV filters and 1215.6Å. Figure 3 (a) shows that SDSS J1259+6212 seriously deviates from the star forming galaxy group. At the wavelengths of a few hundreds of Angstrom, SDSS J1259+6212 has a much bluer slopes than the bluest galaxy continuum. In Fathivavsari et al. (2018) , strong and narrow Lyα emission is reported in 155 eclipsing damped Lyα systems, which is certainty revealed as the narrow emission line from the host galaxy. However, the residual Lyα emission of SDSS J1259+6212 fills in the sub-DLA trough rather forming a marrow peaked profile, and its luminosity is also higher than those from the Fathivavsari et al. eclipsing DLA sample. Thus the host galaxy scenario is questioned on the other hand.
The fourth scenario to consider is extended Lyα emission. From the integral field unit (IFU) observations, the number of extreme Lyα nebulae detected around bright quasars is growing (Cai et al. 2018 and references therein). Borisova et al. (2016) found a hundred percent detection rate of Lyα nebulae around 17 3 < z < 4 quasars, and extended Lyα halos are also extremely common around Lyα emitter galaxies (Wisotzki et al. 2016; Leclercq et al. 2017) . Lyα emission of which can be produced from collisional excitation of hydrogen in the 'cold flow' model of galaxy formation (Haiman et al. 2000; Fardal et al. 2001) , and from ambient warm ionized gas illuminated by obscured AGNs and starbursts (e.g., Chapman et al. 2004; Dey et al. 2005; Scarlata et al. 2009 ), as well as outflowing superwinds (e.g. Ohyama et al. 2003; Bower et al. 2004) . In this case, large, spatially extended region of luminous line emission will be presented, reaching sizes of order 100 kpc and line luminosities of ∼ 10 44 erg s −1 . Interestingly, the residual Lyα emission of SDSS J1259+6212 has a comparable luminosity to the sample from Borisova et al. (2016) . But it is collected by the fiber with only 2 arcsec diameter, which corresponds to the physical scale of ∼ 15 kpc, approximate ten times smaller than the extended Lyα emission regions. Meanwhile, the residual Lyα emission is not significantly different from that in the SDSS spectrum obtained through 3 arcsec fiber (Figure 1 panel (b) ). Based on the surface brightness distribution of the Lyα nebula ( Figure 5 of Borisova et al. 2016) , the residual Lyα in the SDSS spectrum would be ∼ 30% larger than that in the BOSS spectrum. Furthermore, the Lyα nebulae (arising from recombination radiation or collisional excitation) cannot produce the EUV continuum emission. This evidence implies that the residual EUV and Lyα emission in SDSS J1259+6212 do not meet the scenario of extended Lyα emission.
Finally, as the above discussion of the origin of the residual Lyα emission suggests, scattered Lyα photons from the quasar become the only option left. Furthermore, photon scattering can also account for the residual EUV emission. Here it is worth looking back at the energy source of AGNs. AGNs are the most luminous objects in the universe. The energy results from an putative optically thick accretion disk located in the center, which is heated locally by the dissipation of gravitational potential energy with the surrounding gas falling (e.g., Shields 1978; Malkan & Sargent 1982) . This leads to the well-known observable spectral feature of the AGN's continuum in the UV/optical decade (∼ 0.01 − 0.4 µm), i.e., the "big blue bump". In the case of local blackbody emission assumption, the effective disk temperature T is a function of radius r as T ∝ r −3/4 , the energy per unit frequency of the disk spectrum would be approximately increasing with frequency like ν +1/3 in a wide wavelength range from the UV/optical to the near-infrared (NIR; ∼ 1 − 2 µm) (e.g., Shakura & Sunyaev 1973) . Power-law fits to the observed UV/optical continuum typically yield much redder slopes than the prediction (e.g., Neugebauer et al. 1987; Cristiani & Vio 1990; Francis et al. 1991; Zheng et al. 1997; Vanden Berk et al. 2001 Lusso et al. 2005 , and in particular, Lusso et al. suggests that the continuum slope shows a break at ∼ 912Å. Considering the complexity of absorption (especially extinction), it is not entirely surprising to us that the power law index at λ < 912Å is softer than that at longer wavelength, although the slope has been operated with a "state-of-the-art" correction. The intrinsic EUV emission of AGN is an interesting topic but difficult to observe. Identifying particular "lucky" individual cases that are extremely blue in the EUV wavelengths, such as J1259+6212, and undertaking a statistical analysis (beyond the scope of this paper) deserves further exploration as a new way to investigate the disk continuum. In one approach to characterize the accretion disk, Kishimoto et al. (2008) provided a weight of evidence that, at least for the outer NIR-emitting radii, the locally heated disk is approximately correct based on the observations of polarized light in the infrared. In their work, the weighted mean of the measured slopes from the polarized NIR spectra is α = +0.44 ± 0.11, consistent with the predicted dependence. It reminds us that observation of scattered AGN radiation may provide an opportunity to reliably examine the emission of the accretion disk.
Under this assumption, the residual EUV emission of SDSS J1259+6212 is consisted of the scattered photons of the continuum, and then the residual EUV is also, possibly, an opportunity for us to directly examine the inner UV-emitting radii of the accretion disk. The fitting for the FUV and NUV fluxes by a shape of power-law form presents a rapid decrease in νF ν with the spectral index of α = +0.65 ± 0.25 (displayed by dashed line in Figure 3 (b) ), which is approximately consistent with the F ν ∝ ν +1/3 shape. That seems to confirm the assumption that the residual flux comes from the scattered photons from the quasar.The residual Lyα flux is ten times higher than the extended slope (dashed line), but the value actually contains the contributions of the continuum and Lyα broad line. In the reconstruction of the absorption-free spectrum (red curve in Figure 1) , we obtain the underlying-continuum and the emission line fitting results (including Lyα line), respectively. Then we can easily estimate the flux ratio of the continuum and Lyα line at the velocity of −170 km s −1 . When we assume that the fraction of the continuum in the residual flux in the sub-DLA trough is equal to that of the absorption-free spectrum, the scattered continuum is estimated and overplotted by open square in Figure 3 (b) , and it is near to the F ν ∝ ν +1/3 line.
We do not know whether the scatterers are electrons or dust grains, and this could be probed with the possible polarimetric observations of SDSS J1259+6212. The two spectroscopic diagnostics are the scattering efficiency and the polarization fraction of the scattered light (e.g., Kishimoto et al. 2001 and references therein). Electron scattering produces wavelength-independent scattering efficiency and polarization fraction, the scattered light therefore copies the spectrum originating in the region interior to the scattering region, however, dust scattering generally is wavelength-dependent, and the strongest wavelength dependence of scattering efficiency and polarization fraction is in the EUV wavelengths. Following the suggestion of Kishimoto et al. (2008) , if electrons act as the scatterers in SDSS J1259+6212, then the measured slope suggests that the standard picture of the disk in the inner EUV-emitting radii being optically thick and locally heated is approximately correct. The study of SDSS J1259+6212 demonstrates that, we may finally snoop the accretion disk with the assistance from the proximate lyman absorption troughs as natural "coronagraph" and the scatterers as the natural "mirror". By inspecting the ∼ 600 eclipsing DLAs in Fathivavsari et al. (2018) , we do find EUV residual fluxes in ∼ 10 objects. However, the residual fluxes are too weak for either an assured detection or measurements of EUV spectral index, partly because nearly all of the sample quasars (> 99%) are not as bright as SDSS J1259+6212. The EUV residual fluxes in a sample of bright quasars with proximate DLA/sub-DLA might tell us further stories about the innermost region of AGN accretion disks, which will be presented in our future works. 
